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Abstract 

Artificial intelligence is proven to be the technology that is changing the 21st century across many fields, including 

healthcare, finance, and education. The journey of AI has had many glorious footsteps leading to its current status and 

future potential. AI is gradually taking over how things are done in real life, such as the provision of accurate 

diagnostics, personalizing treatments, and making administrative workflows efficient. Currently, surgical Artificial 

Intelligence (AI) is in the fast lane of evolution with innovations in machine learning (ML), analytics, and robotics. In 

this review, we touch on the overall development of AI, its historical background, and the most recent advances that 

have appeared in this area while also summarizing the most recent research findings on its clinical application for 

diagnosis and treatment support in different medical fields, including diagnostics, imaging, decision-making during 

surgery, and caring for the patients as well as locating the knowledge gaps and suggesting future research directions.     
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Introduction 

AI can be broadly defined as “the ability of a system to 

correctly interpret external data, to learn from these 

data, and to use those learnings to achieve specific goals 

and tasks through flexible adaptation” (Haenlein & 

Kaplan, 2019). In the given definition of AI, two basic 

capabilities of artificial intelligence, namely data 

interpretation and learning, serve as the essence of any  

 

further possible manifestations of its functions in 

different spheres. 

The history of AI has gone through several important 

phases. The very first AI research dates back to the  

 

symbolic and rule-based systems of the mid-20th 

century. The actual term "Artificial Intelligence" was 

created in 1956 during a conference at Dartmouth 

College. Pioneers of the field, including John McCarthy 

and Marvin Minsky, outlined much of what subsequent 
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research would follow. This laid the foundation for the 

development of early algorithms and the investigation of 

the principles of machine learning. It was the period of 

the development of early algorithms and principles of 

machine learning (Jiang et al., 2022). 

In the next few decades, the field of AI went through a 

lot of ups and downs, especially during what was termed 

as the "AI winter," because there was no more money or 

interest as expectations were not met. Only in the late 

1990s and early 2000s did AI research and applications 

pick up again, riding on ever more powerful 

computational power and ever more available data, plus 

better algorithms (Kaul et al., 2020). 

 Artificial intelligence, especially the development of 

natural language processing and generative models, has 

changed the game. ChatGPT is one of the big steps 

forward for generative AI in digital content creation and 

interactive applications (Wu et al., 2023). These 

developments have instigated quite a heated debate 

about the ethical considerations of using AI-generated 

content in academics (Lund et al., 2023). 

Furthermore, the role of AI in healthcare is deep. Studies 

claim that AI systems are increasingly used in diagnosis, 

treatment design, and personalized medicine. 

Exemplification of operations of AI in pathology and 

radiotherapy may reflect how promising this technology 

could be in delivering accuracy and efficiency in medical 

practices. 

While promising, AI in the various medical fields presents 

multiple implementation challenges. Schwendicke et al. 

(2020) note that applications of AI in dentistry— though 

having quality improvement and access as goals— 

actually face huge barriers at the implementation level, 

including technological readiness and acceptance by 

clinicians. Over the shoulders, similar wear marks should 

apply these high-level concerns across other domains of 

medicine to signal efforts needed in facilitating AI 

integration on a much larger scale. 

 

Diagnostic Applications of AI 

AI technology is finding increasing use in diagnosis and 

treatment advice. As Davenport and Kalakota (2019) 

note, AI applications cover areas from diagnostic support 

to patient engagement and administrative functions. 

This multifaceted approach not only optimizes clinical 

outcomes but also optimizes health care delivery by 

reducing the burden on professionals. 

In specific diseases, for example, Taylor et al. (2016) 

proved that machine learning techniques provided much 

better predictive accuracy than traditional clinical 

decision rules did for in-hospital mortality in patients 

with sepsis. That would imply that artificial intelligence 

could improve decision support in critical care—a place 

for extension to many other acute conditions. 

 

Imaging and Pathology 

Deep learning techniques have brought revolution in 

medical imaging to satisfy clinical needs and address 

technical challenges. A comprehensive overview of deep 

learning applications across various imaging modalities is 

reported by Zhou et al (2020). The case studies showcase 

an unprecedented leap in diagnostic capabilities that 

resulted from using them. The authors note that even as 

deep learning continues to blossom with imaging, the 

endeavor is far from over—the challenges that come 

with the huge annotated dataset and how to fit these 

technologies into the already existing workflow of 

clinicians. 

AI is used in the field of pathology to integrate digital 

pathology as well as to bring more consistency in 

diagnosis and efficiency in workflow. Cirillo et al. (2020) 

explains how AI could ensure better diagnosis, 

considering even the disparities concerning sex and 

gender biases. This only emphasizes how, in healthcare, 

inclusive datasets are required so that the 

implementation of AI is fair. 

 

Surgical Applications 

Another potential area for AI application in decision-

making comes in surgical decision-making. As 

propounded by Alowais et al. (2023), AI may help make 

choices for surgery with improved accuracy and 

efficiency, especially in high-stakes surgical settings. It 

may provide evidence-based information that would 

help surgeons take more informed decisions, possibly 

reducing the incidence of surgical complications and 

hence improving patient outcomes. 

 Many pieces of research are actually in progress on AI-

Optimized, enhanced recovery after surgery (ERAS) 

protocols to achieve good surgical outcomes. Certainly, 

evidence reports that the application of ERAS protocols 

causes substantial improvements in postoperative 

recovery. For example, a study reported that the 

protocols led to reduced rates of hospital staying length 

and postoperative complications among colorectal 
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surgery patients (Castiglioni et al., 2021; Helm et al., 

2020). Other studies have also explicitly stated that the 

implementation of ERAS programs results in better 

clinical outcomes at significantly lower costs for different 

surgical disciplines (Kassahun et al., 2016). This has 

drawn a picture of multimodal pain treatment, especially 

by epidural analgesia, in ERAS pathways for improving 

patient recovery (Ripollés-Melchor et al., 2019; Hübner 

et al., 2015). 

Three-dimensional printing is increasingly important for 

surgical planning, especially for spinal surgery. This 

technology can develop accuracy in procedure and 

personalized surgical approach; therefore, the surgeon 

does better at intervening (Liu et al., 2017). The 

intersection between artificial intelligence and 3DP 

might further refine surgical techniques for better 

patient-specific outcomes. Even with these promising 

advances, there are several challenges in surgical 

applications of AI. Literature sources worry that there is 

bias and unfairness in machine learning algorithms that 

can cause some effects on surgical decision and patient 

outcomes (Mehrabi et al., 2019). Also, most of the 

research is missing on long-term effects of integrating AI 

into surgery, especially in ethical matters and patient 

privacy. 

 

Oncology and Treatment Personalization 

AI is also changing the landscape of oncology in 

improving diagnostics, treatment personalization, and 

the discovery of new pharmaceutical agents. According 

to Rumsfeld et al. (2016), big data analytics have the 

potential to dramatically expand effective cancer care 

delivery but with persistent challenges. All this is a clear 

sign of the potential that AI holds in precision medicine—

another revolution on the horizon, as Bhinder et al. 

(2021) mentioned. 

Artificial intelligence (AI) becomes one of the major 

driving forces behind change in oncology. It is 

increasingly being viewed as a leading contributor to 

enhanced accuracy and efficiency of early detections, 

personalized treatments, and better outcomes for 

patients. The area that has experienced the biggest 

changes due to AI applications and practices is diagnostic 

imaging. Machine learning algorithms — deep learning 

particularly — have greatly enhanced the interpretation 

of radiologic images including CT scans, MRIs, and 

mammograms to a level that matches or even surpasses 

highly trained radiologists (Esteva et al., 2019). For 

example, systems developed for mammography image 

reading to identify breast cancer are demonstrating both 

high sensitivity and specificity offering detection support 

with reduced false negatives and positives (McKinney et 

al.,2020). Apart from the image, AI manages to assist 

pathology with the help of automated analysis of 

histopathological slides and returns fast and consistent 

results for tumor classification, grading as well as 

biomarker detection. Moreover, AI applications widen 

through genomic and molecular profiling enabling 

oncologists to adjust treatment strategies for specific 

genetic features presented by patients' tumors. This 

leads toward developing machine learning models that 

estimate therapy response through integrating multi-

omics data and clinical factors within the growing 

initiative of precision oncology. In radiation oncology, AI 

applications are used in treatment planning resulting in 

an enhanced dose distribution concurrently minimizing 

doses to normal tissues. Some complex steps in the plan 

are being implemented towards automation which will 

bring about consistency and also reduce the time taken 

for planning.  

Therefore, artificial intelligence supports chemotherapy 

choices by determining patient reaction and toxicity thus 

causing individualized medical plans. AI also facilitates 

drug discovery and repurposing. The major possible 

anticancer compounds are rapidly identified using large-

scale biomedical datasets and molecular interaction 

predictions (Zhavoronkov et al., 2019). As regards the 

ongoing clinical trial, AI is being used to search for eligible 

participants in the trial and monitor patient outcome 

post-treatment resulting in better recruitment that 

would bring about an improvement in the efficiency of a 

study. From a patient management perspective, 

chatbots powered by assistance through which 

education about the disease, and monitoring symptoms 

can be done, therefore increasing patient engagement 

and satisfaction (Bibault et al., 2019). Though very 

advantageous, integration of AI in Oncology comes with 

a few challenges such as data privacy, algorithmic biases, 

and strong clinical validation keeping the assimilated 

usage over wider applications. Therefore, fairness 

orientates with deployment under AI technologies 

toward maximum benefit obtained during cancer care. 

As AI continues to grow, a blend of efforts from cancer 

doctors, tech experts, and rule-makers will be key to 

getting the best out of it. In the end, AI has the hope of 

changing cancer care by allowing quicker finding of the 
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disease, better forecast results, and tailored care plans 

that greatly boost patient survival and well-being. 

 

Conclusions  

AI has great potential for all uses in the clinic in the sense 

of improving health care, raising diagnostic accuracy, and 

customizing patient treatment. An appraisal of the 

implementation challenges, ethical concerns, and the 

knowledge gaps of AI will at least provide a certain sense 

of direction that is needed to fully actualize its benefits 

in modern health care. Continued research in these areas 

will unlock the real potential for artificial intelligence to 

transform modern medicine. AI surgical applications 

offer the ability to truly change patient outcomes and 

care. While exciting results of its possible benefits in 

ERAS protocols, surgical robotics, and 3D printing fields 

have been arrived at, an extremely strong need to focus 

on bias, data collection, and long-term effects to unlock 

its full potential by further research in these areas has 

been revealed. 
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